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Abstract. The Western whip snake (Hierophis viridiflavus) is a colubroid snake typically considered aglyphous and 
non-venomous, although this is currently a subject of debate. Indeed, the maxillary dentition of this species has 
recently been described as opisthoglyphous due to the presence of enlarged rear maxillary teeth, reportedly charac-
terised by prominent grooves and ridges. Aiming to test the actual presence of these structures and provide a clearer 
characterisation of the maxillary dentition of the species, we analysed 17 dry-prepared and disarticulated H. viridifla-
vus specimens using both scanning electron and optical microscopy. The imaging confirmed the presence of posterior, 
enlarged maxillary teeth displaying a distal carina, highlighted by shallow longitudinal inflections on the disto-labial 
and disto-lingual tooth surfaces. Nonetheless, the analysis revealed the consistent absence of the meso-labially placed 
groove typical of opisthoglyphous taxa. Based on the results of our study, the maxillary dentition of the Western whip 
snake is heterodont, specifically opisthomegadont, and is confirmed to be aglyphous.

Keywords. Aglyphous, Colubrid, non-front-fanged snakes, opisthoglyphous, proteroglyphous, rear-fanged, soleno-
glyphous, tooth morphology.

INTRODUCTION

Snakes exhibit a wide variety of dental morphologies 
and adaptations that are crucial for their survival and 
feeding strategies. Broadly speaking, snakes are carnivo-
rous reptiles, and their teeth are variably long, slender, 
and slightly curved, making them ideal for piercing and, 
in most cases, holding onto prey. Snake teeth are attached 
to the jaws in a modified pleurodont manner, where each 
tooth is set within a shallow depression (Lillywhite, 2014; 
Pough et al., 2016). 

In members of the clade Alethinophidia Nopcsa, 
1923, encompassing all snakes other than blind snakes 

(Scolecophidia Cope, 1864), teeth are present on the 
maxillae, palatines, and pterygoids in the upper jaw, and 
on the dentary in the lower jaw. The premaxilla bears 
teeth in some basal species (Lee and Scanlon, 2002; 
Mahler and Kearney, 2006; Pough et al., 2016; Berkovitz 
and Shellis, 2023).

Teeth replacement in snakes is a continuous process 
throughout their lives, characterised by a unique mecha-
nism where functional teeth are replaced by new ones 
developing in successive waves along the jaw. Unlike 
most other amniotes, snakes lack external resorption pits 
during this process; instead, tooth replacement involves 
internal resorption within the pulp cavity. This adapta-
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tion allows snakes to maintain a constant supply of func-
tional teeth, essential for their feeding efficiency and sur-
vival, as damaged or lost teeth are replaced rapidly. This 
mechanism supports their ability to ingest large or resist-
ant prey and minimises the risk of collateral damage to 
neighbouring teeth during replacement (Lillywhite, 2014; 
LeBlanc et al., 2023). 

Heterodonty, the presence of differently shaped 
teeth, is evident in many species. For example, venomous 
snakes (all belonging to the clade Caenophidia Hoffstet-
ter, 1939) tend to have heterodont dentitions, character-
ised by the presence of differently shaped teeth. Specifi-
cally, these snakes typically exhibit enlarged, specialised 
teeth (i.e., fangs) with remarkable morphological fea-
tures (e.g., grooves, hollow centres, ridges along the fang 
channels) that aid in venom delivery (Triep et al., 2013; 
Broeckhoven and du Plessis, 2017; Avella et al., 2021). In 
contrast, nonvenomous snakes tend to homodonty (i.e., 
all teeth present the same shape), although variations 
in tooth size and morphology are common (Young and 
Kardong, 1996; Pough et al., 2016; Berkovitz and Shellis, 
2023). In any case, the differences in the shape and func-
tion of the teeth within each snake species, even when 
minimal, make it overly simplistic to distinguish solely 
between heterodonty and homodonty (see Ryerson and 
Valkenburg, 2021; Segall et al., 2023). Indeed, Westeen 
et al. (2020) recently highlighted the presence of a wide 
range of dentition phenotypes in snakes, particularly in 
rear-fanged ones, consistent with adaptation to different, 
specialised diets and prey capture modes. Therefore, for 
many snake species indicated as homodonts, it would be 
more accurate to describe them as having low degrees of 
heterodonty rather than true homodonty.

The diversity of maxillary dentition phenotypes in 
colubroid snakes is traditionally categorised into four 
main types:  i) aglyphous, ii) opisthoglyphous, iii) proter-
oglyphous, and iv) solenoglyphous (e.g., Boulenger, 1893, 
1894, 1896; Pough et al., 2016; Gower and Zaher, 2022; 
Delfino and Villa, 2024). 

These terms are commonly used to reflect the follow-
ing characteristics on an etymological basis (e.g., Merri-
am-Webster, 2024; Treccani, 2024): aglyphous (Greek: 
‘a-’ for ‘without’ + ‘gluphé’ for ‘carving’ or ‘engraving’) 
snakes lack any grooved fangs; opisthoglyphous (Greek:  
‘ópisthen-’ for ‘behind’ + ‘gluphé’) refers to snakes with 
grooved fangs positioned at the rear of the maxilla; pro-
teroglyphous (Greek: ‘próteros-’ for ‘first’ or ‘earliest’ + 
‘gluphé’) indicates snakes with grooved hollow, gener-
ally non-movable fangs at the front of the maxilla; sole-
noglyphous (Greek: ‘solén-’ for ‘pipe’ or ‘tube’ + ‘glu-
phé’) denotes snakes with non-grooved hollow, retract-
able, independently movable fangs at the front of the 

maxilla (for differences in fang canaliculation between 
solenoglyphous and proteroglyphous snakes, refer to 
Broeckhoven and du Plessis, 2017). A further term, 
endoglyphous (Greek: ‘éndon-’ for ‘within’ or ‘inside’ 
+ ‘gluphé’), is rarely used for lumping together the pro-
teroglyphous and solenoglyphous conditions in order to 
underline the presence of fangs with an inner cavity (see 
Golay et al., 1993; Pin, 2009).

This classification clearly has limitations, as not all 
snake species possess dentition that perfectly and exclu-
sively matches one of these categories. For instance, 
non-front-fanged snakes (NFFS), exhibit different den-
tal types, also in terms of tooth surface (see Young and 
Kardong, 1996). According to Weinstein et al. (2022), 
the term ‘non-front-fanged’ is preferred over ‘opistho-
glyphous’ because the broad range of modifications in the 
maxillary teeth of these snakes resists simple classifica-
tion under traditional terms. 

A number of snake species possess enlarged, but 
not grooved rear maxillary teeth (e.g., Natricidae Bona-
parte, 1838 and some Colubridae Oppel, 1811 snakes; 
see Edmund, 1969; Berkovitz and Shellis, 2017, 2023; 
Weesten et al., 2020). For some of them, the term 
‘opisthoglyphous’ has sometimes been imprecisely used 
solely with reference to the larger size of the posterior 
teeth (as for Natricidae in Westeen et al., 2020: fig. 1).

The dentition of species with enlarged rear maxillary 
teeth, regardless of whether the tooth surface is grooved 
or not, should be referred to as opisthomegadont (sensu 
Edmund, 1969). The distinction between grooved and 
ungrooved teeth may not always be unambiguous (see 
Young and Kardong, 1996), and thus it is challenging to 
have categorising terms for each intermediate condition. In 
agreement with Berkovitz and Shellis (2023), who equate 
opisthoglyphy with the ‘Type 3’ categorisation by Young 
and Kardong (1996), it is thus reasonable to use the term 
‘opisthoglyphous’ to identify taxa that possess enlarged 
rear maxillary teeth with a well-defined groove on the 
meso-labial side, such as Boiga Fitzinger, 1826, Dispholidus 
Duvernoy, 1832, Erythrolamprus Boie, 1826, Galvarinus 
Trevine et al., 2022, Malpolon Fitzinger, 1826, and Telesco-
pus Wagler, 1830 (for the morphology of these teeth, see: 
Fig. 1; Young and Kardong, 1996; Broeckhoven and du 
Plessis, 2017; Modahl and Mackessy, 2019; Sánchez et al., 
2019; Herrera et al., 2022; Weinstein et al., 2022).

Regardless of instances where ‘opisthoglyphous’ is used 
broadly as a synonym for ‘non-front fanged’ or ‘rear fanged’ 
(e.g., Westeen et al., 2020; Gower and Zaher, 2022), a recent 
manuscript has defined the Western whip snake as opistho-
glyphous in the strict sense, indicating that its enlarged pos-
terior maxillary teeth are characterised by the presence of 
‘prominent grooves and ridges’ (Paterna, 2023: p. 126). 
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Using both optical microscopy and Scanning Elec-
tron Microscopy (SEM), we investigated whether the 
enlarged rear maxillary teeth of the Western whip snake 
are indeed characterised by pronounced grooves and 
ridges, and aimed to clarify the classification of the max-
illary dentition of the species. 

MATERIALS AND METHODS

The focus species 

The Western whip snake, Hierophis viridiflavus 
(Lacépède, 1789), is a colubroid snake with an average 

total length between 110 and 150 cm (Vanni and Zuffi, 
2011; Di Nicola et al., 2021a). Its range extends across 
south-central Europe, from northeastern Spain to coastal 
Croatia, and includes the entire Italian Peninsula, as well 
as Sardinia, Sicily, and numerous smaller islands and 
islets (Avella et al., 2017; Di Nicola et al., 2021b). Cur-
rently, two subspecies are recognised: Hierophis viridifla-
vus viridiflavus (Lacépède, 1789), in the western part of 
the species range, typically characterised by a pattern of 
black and yellow dots and stripes; and Hierophis viridi-
flavus carbonarius (Bonaparte, 1833), in the eastern part, 
often predominantly or completely melanistic (Di Nicola 
et al., 2021a, b; Senczuk et al., 2021; Sindaco and Raz-
zetti, 2021; Storniolo et al., 2023). 

The species is highly defensive and prone to bit-
ing when cornered/handled (Bea, 1998; Di Nicola et al., 
2021a; Avella et al., 2024). Early research identified the 
presence of Duvernoy’s glands in H. viridiflavus (Phisalix, 
1922; Taub, 1967). Additionally, some bite reports have 
described the onset of symptoms in humans possibly indi-
cating envenomation (e.g., Bédry et al., 1998; Dutto et al., 
2015; Avella et al., 2024), although the clinical interpreta-
tions of some of them is questionable (see Weinstein et al., 
2022; Avella et al., 2024; Paolino et al., 2024). There is a 
lack of recent research on the oral glands of the Western 
whip snake, as well as proteomic studies aimed at iden-
tifying the components of its saliva and oral secretions, 
which could provide valuable insights into the biochemi-
cal potential of H. viridiflavus and its classification as 
‘non-venomous’ (Avella et al., 2024).

The dentition of the Western whip snake, though 
sometimes described as homodont (e.g., Dutto et al., 
2015), features two enlarged teeth at the rear of each 
maxilla (Fig. 2), which are less curved compared to other 
maxillary teeth (Racca et al., 2020; Avella et al., 2024). In 
light of this, the species dentition is clearly heterodont. 

Morphological observations

Focusing on the morphology of the enlarged rear 
teeth, we observed the maxillary dentition of 17 disartic-
ulated, dry prepared skeletons of morphologically mature 
and immature Western whip snakes from both the sub-
species H. v. carbonarius and H. v. viridiflavus (MDHC 
9, 34, 69, 74, 80, 118, 198, 199, 219, 265, 298, 306, 328, 
442, 458, 460, 502; Collection acronym: MGPUT MDHC 
- Massimo Delfino Herpetological Collection, Museo di 
Geologia e Paleontologia, Dipartimento di Scienze del-
la Terra, Università degli Studi di Torino). The sample 
included both females and males.  

For optical microscopy, a Leica M205C stereomi-
croscope equipped with a Leica DMC 2900 camera was 

Fig. 1. Stereomicroscope images of a rear enlarged maxillary tooth 
of Malpolon insignitus (Geoffroy Saint-Hilaire, 1827) MDHC 400 
(above) and Telescopus fallax (Fleischmann, 1831) MDHC 303 
(below) in labial view. In both instances, an evident, deep groove 
meso-labially oriented is visible. The morphological and size differ-
ences compared to the teeth that precede them anteriorly are sig-
nificant. Photos taken with a Leica M205C stereomicroscope.
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used. SEM observations were performed with a Tescan 
Essence microscope. The samples were not coated with 
a conductive material to preserve their original surface 
characteristics; for this reason, we operated in Single Vac 
conditions using a Back Scattered Electron Detector. The 
system was configured with an accelerating voltage of 15 
keV and a beam current of 30 nA.

RESULTS

In all analysed specimens, the last two maxillary teeth 
are different in size and morphology from those preceding 
the diastema. These rear teeth are characterised by a dis-
tal carina, which is bordered on both sides by a shallow 
depression extending from the distal region to the disto-
labial and disto-lingual surfaces. These are inflections of 
the surface and do not constitute an actual groove (see Figs 
2-3). It can be excluded the presence of any meso-labial 
(antero-lateral) grooves comparable to those of snake tra-
ditionally considered opisthoglyphous (e.g., genera Malpo-
lon and Telescopus; compare Figs 2-3 with Fig. 1).

DISCUSSION

Given the considerable diversity in snake dentition, 
the term ‘non-front-fanged snakes’ is currently to be pre-
ferred over more common yet overgeneralising terms like 
‘rear-fanged’ and ‘aglyphous’ when referring to snakes 
lacking anterior fangs. For instance, NFFS commonly 
exhibit more or less pronounced heterodonty. In this case, 

if the posterior maxillary teeth are larger, it is appropriate 
to describe the heterodont dentition as opisthomegadont. 
This condition may involve enlarged maxillary teeth that 
are grooved to varying extents, or not at all, potentially in 
combination with other superficial morphological features.

Based on our results, the dentition of the West-
ern whip snake is heterodont, opisthomegadont. While 
the rear maxillary teeth display a complex morphology 
including sulci and carinae, these features are weakly 
expressed and can be variably perceived, for instance 
depending on the light orientation under microscopy. 
From our perspective, these characteristics do not cor-
respond to the deep and very-well-marked anterolateral 
groove characteristic of teeth from snakes traditionally 
classified as opisthoglyphous in the strict etymological 
sense. Nevertheless, we agree with Weinstein et al. (2022) 
that the dichotomy between aglyphous and opistho-
glyphous dentition fails to adequately capture the exten-
sive morphological diversity observed in NFFS, and that 
each case should be analysed individually.

Fig. 2. SEM images of the enlarged posterior maxillary teeth of two 
adult H. viridiflavus specimens. Left tooth in labial view (left; code 
MDHC 219): the right, straight edge corresponds to the distal cari-
na, which is associated to a weak depression barely visible in this 
SEM image. Right teeth in labial-mesial view (right; code MDHC 
118): not showing the distal carina and associated depression.

Fig. 3. Stereomicroscopic images of the enlarged posterior maxil-
lary teeth of two adult H. viridiflavus sspp. specimens. Hierophis v. 
carbonarius (MDHC 198): right tooth in distal view (A); left tooth 
in distal view (B); right tooth in labial view (C); left tooth in labial-
distal view (D). Hierophis v. viridiflavus (MDHC 219): right tooth 
in mesial view (E); right tooth in lingual view (F). The distal carina 
is clearly visible in A, D, and F; the slight depression associated to 
the carina is better visible in D and especially in F.
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It is worth noting that a recent paper, published 
after the submission of our manuscript, suggests that 
even Dolichophis caspius (Gmelin, 1789), along with 
several other taxa, is opisthoglyphous (Paterna and 
Grano, 2024). However, our direct inspection of D. 
caspius specimens MDHC 518 and 519 confirmed that 
the dentition of this species is clearly aglyphous, with 
the morphology of the posterior maxillary teeth close-
ly resembling that described here for H. viridiflavus. 
Through the application of optical and scanning elec-
tron microscopy we were able to determine the absence 
of prominent grooves in the posterior, enlarged maxil-
lary teeth of H. viridiflavus. In light of this, we do not 
support classifying this species as opisthoglyphous 
in the morphological sense. Further investigations, 
employing tools such as micro-CT scanners, will enable 
a more detailed analysis of the tooth morphology of this 
and other NFFS species.
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